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While the epithelium of the human oral mucosa
is keratinized only in regions of stress like palate,
gingiva, and dorsum of the tongue, the epithe-
hum of the entire oral cavity is keratinized in the
mouse. Areas which in the human are keratinized
carry a densely packed layer of keratin similar to
that seen in the human palate. Areas which do not
keratinize in the human, like the cheek, form a
loose, flaky type of keratin in the mouse. Neither
type of keratin contains nuclear remnants; both
types therefore are variants of full kcratinizatino.
While both types were found in epithelia with a
continuous granular layer, the keratohyaline
granules associated with each were of entirely dif-
ferent morphology and staining qualities. The
association of the one type of keratin with one
kind of keratohyaline granules and of the other
type with the other kind was entirely consistent
in the whole oral cavity. It appeared therefore
that the differences in the keratin were related to
the differences in keratohyaline granule forma-
tion, and that some knowledge of the process of
keratinization might be gained from a study of
this relation.
MATERIAL AND MET11OD5
Male Strong A albino mice at two months of age
were used. The animals were decapitated and the
heads fixed as required for the different methods
to be applied. The midlateral portion of the palate
and the central third of the cheek were selected as
representative for the two types of keratin and
keratohyaline granules. The tissue containing
these areas was dissected out after fixation.
Martinotti's (1), Buzzi's (2) and Unna's (3)
methods for keratin and keratin precursors were
used as described by their authors. In addition,
Mallory's method for connective tissue as modified
by Weidenreich (4) and applied to the differentia-
tion of keratin by Weinmann and Meyer (5), and
Gomori's (6) method for silver impregnation of
reticulum were used.
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Histochemical tests for glycogen and mueo-
polysacebarides were made according to Hotehkiss
(7). Ribonueleie acids were demonstrated by
thionine staining with and without ribonuclease,
as specified by Lilly (8), and desoxyribonucleic
acids following Feulgen's procedure (9). Sulfhydril
and disulfide groups were investigated according
to the methods of Barnett and Seligman (10; 11).
For the demonstration of phosphatases, the
following modifications of Gomori's (12) original
technics were used: alkaline phosphatase as modi-
fied by Moog (13), and phosphamidase as modified
by Meyer and Weinmann (14).
A quantitative study was made of cell size
(average cross-sectional area), thickness of keratin
and of cellular layer, and mitotic rate. Based on
these determinations, turnover times and daily
rates of growth were estimated. Description and
evaluation of the methods used are given in a
report on quantitative aspects of the oral epithe-
hum in the mouse (in press; 15).
OBSERVATIONS
1. Staining behavior of the stratum corneum in
cheek and palate. In sections stained with hematox-
ylin-eosin, the whole width of the keratin in cheek
and palate showed the same color. In sections of
formalin-flxed tissue, this was a pale bluish pink,
in sections of tissue fixed in triehloracetic acid
(10) it was a deeper hue of pink. In the palate the
keratin appeared compact and as though it was
under stretch. When it detached in the prepara-
tion of sections, it was found either separated as a
whole from the stratum granulosum or split into
thin, straight layers, the lines of cleavage being
parallel to the surface. In the cheek, the stratum
eorneum appeared loose and flaky and separated
along irregular wavy lines. The tautly stretched
parallel lines of cleavage in the palate and the
loosely bunched wavy lines in the cheek could be
seen as slightly deeper stained lines in the keratin
of intact sections.
With the stains designed for keratin and kera-
tin precursors and with J\'Iallory's triple connec-
tive tissue stain, the whole stratum corneum of
the palate stained like hair keratin (figs. 1 and 2),
whereas the stratum corneum of the cheek was
divided into two differently staining layers (figs.
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3 and 4). An inner layer just peripheral to the
stratum granulosum, i.e., a layer occupying the
position of the stratum lueidum, stained like hair
keratin, whereas the keratin superficial to it
stained like the cellular layers. The width of the
inner hand which stained like hair varied some-
what with the different stains. It was broadest
with Mallory's (fig. 3) and Buzzi's (fig. 4) mix-
tures, and narrowest in Martinotti's method.
No marked histoehemical differences between
the two types of keratin appeared in any of the
tests; in fact, the keratin in both areas was nega-
tive for most of the constituents for which tests
were made. These tests indicated the absence of
glyeogen, sudan-stainable lipids, alkaline phos-
phatase and phosphamidase, of thionine-positive
material, and of Feulgen-positive material.
Positive tests were obtained for nonglyeogen
PAS-positive material and for sulfur. PAS-posi-
tive material was found only in the keratin of the
palate and there distributed in irregular streaks.
Sulfhydryl groups were ascertained in the keratin
of cheek and palate, though the reaction was
weaker in the cheek. In the palate the keratin
layer was more strongly positive for sulfhydryl
groups than the cellular layers; in the cheek, it
was less positive than the cellular layers. Staining
for disulfide groups gave a feebly positive reaction
in the palate and a negative reaction in the cheek.
2. Morphology and staining behavior of the ker-
atohyaline granules in cheek and palate. In the
cheek, the onset of keratohyaline granule forma-
tion was gradual, beginning in cells close to the
basal layer with a few small granules. Cells con-
taining keratohyaline granules had intact nu-
cleoli and chromatin. Towards the periphery, the
granules increased in number, each cell containing
several large-sized ones in addition to more nu-
merous smaller ones. But even in the most periph-
eral granular cells the granules were spaced apart
from one another, and the cells contained consid-
erable quantities of intervening cytoplasm. The
cytoplasm of granule-containing cells stained in
the same shade as the cytoplasm of granule-free
cells with all staining methods. The larger kerato-
hyaline granules were surrounded by an un-
stained halo.
In the palate, the formation of keratohyaline
granules was concentrated in a compact layer
which consisted of several rows of cells peripheral
to several rows of granule-free spinous cells. The
granules were of minute size, none exceeding the
size of the smallest ones in the cheek. They were,
however, so numerous and crowded that no resid-
ual cytoplasm could be made out.
In hematoxylin and eosin staining, and also
witb thionine, the keratohyaline granules of cheek
and palate stained in the same dark blue shade.
With all keratin and keratin precursor methods,
as well as with Mallory's triple connective tissue
mixture, the staining of the granules in the two
regions differed. In the palate, they stained like
the cytoplasm of the Malpighian layers. The
basal borderline of the granular layer was there-
fore difficult to recognize, but the superficial
boundary stood out sharply against the stratum
corneum (figs. 1 and 2). The reverse was true for
the cheek. The keratohyaline granules here took
on the same shade as the inner band of keratin,
which made the superficial borderline of the
granular layer indistinct. But the granules con-
trasted sharply with the residual cytoplasm in
the granular cells and with the cytoplasm of the
whole Malpighian layer (figs. 3 and 4). The
staining behavior of the two regions was equally
diagrammatic in sections stained with Tinna's
and Martinotti's mixtures (Table 1).
With the exception of phosphamidase activity
the histochemical tests did not show markedly
differing results in the keratohyaline granules of
the two regions. Tests were negative for SS groups
and for alkaline phosphatase, and slightly positive
in both regions for SR groups.
Phosphamidase activity in both epithelia was
confined to the keratohyaline granules. The gran-
ules of the cheek were markedly more enzyme-
Fios. 1—6: Photomierographs of sections of oral mueosa of the mouse. Mag. X 550
Fios. 1, 3, 5: Sections stained with Mallory's triple connective tissue stain
Fios. 2, 4, 6: Sections stained with Picrie acid-Nigrosin (Buzzi)
Fios. 1 and 2: Sections of hard palate. Note that the keratohyaline granules stain in the same color
as the deeper cellular layers and that the whole stratum eorneuin stains in the same color.
Fins. 3 and 4: Sections of cheek. Note that the keratohyaline granules stain in the same color as the
inner zone of the heratin and that the keratin is divided into two differently staining zones.
Fm. 5: Section of soft palate. Note identity of keratohyaline granule and keratin staining in cheek and
soft palate.
Fin. 6: Transition of soft and hard palate. Note the abrupt change in keratohyaline granules and
keratia staining at the boundary between loose and compact keratin.
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TABLE 1
Staining of cytoplasm, Iceralohyaline granules, inner and outer keratinized stratum in regicns with compact
and loose keratin
Stain Mixture
Palate Cheek
Cytoplasm Keratohy-aline granules
Inner
keratin Outer keratin Cytoplasm Keratohy-aline granules
Inner
keratin Outer keratin
Hematox.-
Eosin
Unna
Picrie Acid-
Nigrosin
Mallory
Martinotti
Blue,
pale
Blue-
medium
Black
Blue
Pink
Blue,
deep
Blue-
medium
Black
Blue
Pink-
deep
Pink
Purple-
blue
Yellow
Red
Blue
Pink
Purple-
blue
Yellow
Red
Blue
Blue-
pale
Blue-
medium
Black
Blue
Pink
Blue-
deep
Purple-
blue
Yellow
Red
Blue
Pink
Purple-
blue
Yellow
Red
Pink-
deep
Pink
Blue-
medium
Black
Blue
Pink-
pale
active than those of the palatal epithclium.
(However, mouse oral mucosa was found less
phosphamidase active than many regions of rat
oral mueosa.)
3. Cellular layers of palatal and buccal epithe-
hum. Morphology. In the portions of the palate
which arc covered by compact kcratin, the thick-
ness of the epithelium varies over a two- to three-
fold range. The changes in thickness are, however,
gradual and regular. The epithelium thins toward
the central raphe and towards the posterior bor-
der of the hard palate; it is, furthermore, thinner
at the crests of the transverse palatal rugae than
in the intervening valleys. Configuration and size
of the epithelial cells are quite constant. The num-
ber of cell layers varies in proportion to the total
thickness. In thinner portions, each stage of dif-
ferentiation occupies a proportionately smaller
number of cell layers. In thicker portions, the
shift from polyhedral spinous cells with long axis
perpendicular to the basement membrane to flat-
tened spinous cells with long axis parallel to the
basement membrane occurs gradually over sev-
eral cell layers. The granular layer consists of
numerous rows of flattened cells. The cell bound-
aries are prominent and intercellular bridges are
distinct in all cell layers with almost all staining
methods. The keratin layer is of even thickness.
The epithelium of the cheek varies in thickness
over a wider range than that of the palate, and
the variations are abrupt and irregular. At its
thickest, the epithelium is much wider than in
the palate. Except for the basal cells, the size of
the cells is larger. The more superficial cells are
only slightly flattened, and even in the thickest
portions the number of cell layers is smaller than
in the palate. The cell boundaries are indistinct
in all layers, and intercellular bridges cannot be
made out with any staining method. The keratin
layer, though on the whole varying in proportion
to the thickness of the epithelium, is of far more
variable thickness than in the palate, and the
variations are more abrupt.
The basement membrane of the palatal epithe-
hum, as studied by silver impregnation, consisted
of a thin layer of very fine argyrophil fibers. The
lamina propria contained a dense network of
coarse collagenous fibers, reticular fibers being
rare. In contrast, the epithelium of the cheek was
bordered by a much thicker layer of densely ar-
ranged argyrophil fibers. The collagen fibers of
the lamina propria were coarse also, but formed a
loose network. Argyrophil fibers made a promi-
nent contribution.
Histochemical behavior and staining with special
stains. Despite these morphologic differences, the
Malpighian layers of buccal and palatal epithe-
hum were quite similar in their staining and
histochemical behavior, and in these respects
similar also to epidermal epithelium.
Thionine staining showed the greatest intensity
of cytoplasmic basophihia in the basal layer and
decreasing intensity toward the surface. Feulgen's
method showed similarly decreasing outward in-
tensity of chromatin staining. The gradients of
declining intensity were steeper in the buccal epi-
thelium; the faster falling off was, however, in
proportion to the smaller number of cell layers
present.
Glycogen, alkaline phosphatase, phosphami-
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dase, 88 groups and sudan-positive lipids were
absent in both regions, as also in epidermal epi-
thelium.
Staining for 511 groups was positive in the cel-
lular layers of cheek and palate. The reaction was
more intense and showed a more distinct outward
gradient of increasing intensity in the palate than
in the check. A positive reaction in both regions
was also seen for PAS positive material resistant
to diastase. This was limited to cell membranes
and intercellular bridges. Again the reaction was
more distinct and showed a more distinct periph-
eral increase in the palate than in the check.
The three stains for keratin and keratin pre-
cursors and Mallory's connective tissue method
stained cytoplasm and cell membranes of the two
regions in the same color, the membranes staining
with greater intensity than the interior. The stain-
ing increased in intensity in the peripheral cell
layers. This was again more pronounced in the
palate than in the check. Tonofibrils could not be
clearly differentiated. TJnna's stain for tonofibrils
showed in the basal and lower spinous cells of the
palatal cpithelium prominent cell boundaries per-
pendicular to the basement membrane whereas
the whole cell circumference was prominently
outlined in the upper spinous and granular cells.
The same behavior was observed in the cheek
cpithelium, but was much less distinct.
4. Comparison of quantitative traits in epit helium
of cheek and palate. A more comprehensive study
on quantitative characteristics of epithelia in the
oral cavity will be reported elsewhere. Some find-
ings for the midlatcral portion of the palate and
the central third of the cheek, which are of rele-
vance in the present context, will be summarized
below. The numerical values were found to have
rather narrow ranges of variation in five animals
and may therefore be considered as generally
characteristic of the two regions.
(1) The average cross sectional area of the cells
in the palatal epithelium was 71 2, in the cheek
100 M2
(2) The thickness of the cellular portion of the
palatal cpithelium averaged 65 i. The width of
the kcratin averaged 45% of the thickness of the
cellular portion. The check averaged a cellular
width of 116 the kcratin layer averaged 48% of
this width.
(3) Renewal times for the cellular portions were
calculated from the rates of cell division on the
assumption that mitosis lasts one hour. The cal-
culated times were 24 days for the palate and 17
days for the cheek. Taking the widths of the two
regions into account, the epithelium of the palate
was estimated to grow at the average rate of 2.7 ,u
per day, whereas for the epithelium of the cheek
the average was 6.8 per day.
DI5CU55ION
The keratin of the palate was seen to differ from
that of the cheek in being arranged in tightly
packed parallel layers and in having a more
marked 511 and a positive 88 reaction. The cheek
kcratin showed a loose arrangement along wavy
lines, had a feebler 811 and a negative 88 reaction.
To these differences corresponded a greater re-
sistance to surface wear of the palatal kcratin, the
rate of rcgrowth being less than half as rapid as
that of the cheek. Nuclear disintegration was
complete in both epithelia, and staining with H
and E stained the keratin of both regions in the
same shade. With kcratin staining methods the
entire keratin layer of the palatal epithelium
stained like hair keratin, while that of the check
was divided into an inner layer staining like hair
keratin, and an outer zone staining like the Mal-
pighian layer.
The staining of the palatal keratin is like that
recently described by Wcinmann and Meyer (5)
for the majority of cases of human gingiva in
which the surface is either parakeratotic or ortho-
keratotic.t The staining behavior of the buccal
keratin, on the other hand, is exactly as that de-
scribed by the same authors for a minority of the
parakeratotic cases of human gingiva in which
the keratin is divided into a deeper layer which
reacts like hair keratin and a superficial layer
with the staining behavior of the cellular layers.
The authors found this to occur under certain
physiological and pathological conditions which
tend to suppress the kcratinizing process and con-
cluded that in these circumstances the process is
incomplete and leads to an unstable end product.
Because of this lack of stability, the action of
saliva leads to a reversal of the surface staining
properties. In the more common case, the keratin-
izing process is not suppressed, and a more com-
pletely keratinizcd surface results. The action of
saliva then does not affect the staining character-
t The term orthokeratotic denotes a keratin
layer in which nuclear remnants are not discerni-
ble; the term parakeratotic denotes full keratiniza-
tion of the cytoplasm but persistence of nuclear
remnants.
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isties, thus leaving the entire stratum eorneum
staining like hair keratin. The term "incomplete
parakeratosis" was suggested for parakeratotic
regions of gingiva which showed the keratin layer
divided in its staining properties.
The same reasoning, applied to orthokeratin-
ized epithelia, may explain the difference in the
staining behavior of bueeal and palatal keratin.
The histological findings summarized above offer
evidence for the conclusion that the palatal kera-
tin is in a more highly keratinized state than that
of the cheek. The keratin of the palate may be re-
sistant and that of the cheek susceptible to altera-
tion by the action of saliva. Rothman (16) has
suggested that the epidermal keratin in the layer
superficial to the stratum lueidum but not the
stratum lucidum itself is in equilibrium with the
water content of the atmosphere, i.e., that its
initial dehydration is reversible. The action of
saliva may similarly reverse the staining proper-
ties of the surface layer of oral keratin, but evi-
dently this happens only in those regions in which
the keratinizing process does not advance far
enough to lead to a stable keratin.
Differences in the keratinizing process in cheek
and palate. Rudall (17), and similarly Mereer
(18), have proposed a dual scheme by which the
keratinous components of the stratum corneum
of epidermis are elaborated. One system of pre-
cursors are fibrillar keratins in tonofibrils, cell
membranes and intercellular bridges, which are
elaborated in cells of the basal and inner spinous
layers. The second component is elaborated in the
so-called eleidin system, which is located in the
keratohyaline granules. The present observations
show that keratinization in oral epithelium fits
into the same scheme of two sets of keratin pre-
cursors as that proposed for epidermal epithelium.
Moreover, the differences between the keratin of
cheek and palate can perhaps be accounted for by
the observed differences in the two systems of
keratin precursors.
(1) Fibriltar system. The staining and histo-
chemical reactions of the cellular layers of palate
and cheek were similar in kind, but differed in
degree. The palatal epithelium had prominent
intercellular bridges, deeply staining cellular mem-
branes and tonofibrils, a more marked reaction for
811 groups and a more distinct peripheral gradient
of increasing intensity in the staining of these
elements. In the cheek, intercellular bridges could
not be seen, and the staining reactions character-
istic for the fibrillar precursor system were absent
or much less intense. It appears, therefore, that
the fibrillar keratins make a smaller contribution
to the final keratin in the cheek than in the palate.
(2) "Eleidin" system. The literature records no
differences between keratohyaline granules of dif-
ferent epithelial regions other than the common
observation that the thickness of the granular
layer varies in proportion to the thickness of the
whole epithelium and of the stratum eorneum. It
was therefore unexpected that the keratohyaline
granules of cheek and palate had little in common
except their basophilie staining with hematoxylin
and thionine and a moderately intense sulfhydril
reaction. These reactions are common to the
granules of epidermal epithelium also.
The differences between the keratohyaline
granules of the two regions included onset of
formation, morphology, enzymatic activity, and
staining behavior with all keratin stains. See
summary shown in Table 2.
With respect to the elaboration of keratiu, the
TABLE 2
Comparison of keratohyatine granules in cheek and palate
Location
Cheek Palate
Between inner spinous cells and Concentrated in narrow band above
basal aspect of keratin. numerous spinous cell layers.
Size From less than 1 /4 toseveral in di-
ameter.
Uniformly small; smaller than
smallest granules in cheek.
Frequency Increasing towards periphery, but
always leaving much residual
cytoplasm.
Crowded; leaving no residual cyto-
plasm.
Phosphamidase activity Appear highly active. Appear feebly active.
Staining with keratin Like keratin of hair. Like upper spinous cells.
stains
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following features seem significant. (1) In the
granular layer of the palatal epithelium, but not
in that of the cheek, all cytoplasm is replaced by
keratohyaline granules. It is possible that the
extragranular cytoplasm in the cheek is not
subjected to disintegration and becomes a non-
keratinous admixture to the keratin layer. (2) In
the palate the keratohyaline granules are so small
as to be near the limit of resolution of the light
microscope, and they are correspondingly numer-
ous. In the cheek the larger granules almost
approach the dimensions of cell nuclei, and their
number is correspondingly low. The total surface
area of the palatal granules must be a large mul-
tiple of that of the buccal granules. It is quite
possible that in the cheek the biochemical reac-
tions by which the large keratohyalinc granules
are transformed into keratin are confined to the
surface and leave the bulk of the substance unal-
tered. This may, for instance, apply to the reac-
tions catalyzed by phosphamidase, which has
been suggested to be concerned with the dehydra-
tion of keratin (19). (3) The smaller size of the
reacting surface is important especially in view of
the higher rate of growth in the cheek. In the
cheek, the amount of cellular material which re-
quires transformation into keratin is more than
twice as much per unit time as in the palate.
It is true that this may in part be balanced by the
earlier onset of granule formation and the seem-
ingly higher enzyme activity. But the formation
of the large and especially of the huge-sized gran-
ules is confined to the more superficial cell layers
and the time available for the maturation of these
granules briefer than in the palate.
The contrast in the keratinizing process of
cheek and palate can be summarized by saying
that fibrillar precursors make a proportionately
smaller contribution to the buccal than to the
palatal keratin, the difference being made up by
the admixture of unkeratinized cytoplasm and by
the accelerated, superficial conversion into kera-
tin of the large-sized keratohyaline granules. An
unstable keratin layer results, which is suscep-
tible to attack by saliva and to rapid surface
wear.
The divided staining of the keratin and the
staining and morphology of the keratohyaline
granules described for the cheek epithelium were
characteristic for every region with loose kcratin
which was observed (cf. e.g. fig. 5, transition of
hard and soft palate, and fig. 6, soft palate). It
may be that more complete keratinization, such
as is found in the hard palate, would interfere
with the flexibility required for the lining of mo-
bile muscular parts. The term incomplete ortho-
keratinization is suggested for the keratinization
characterized by a divided stratum corneum,
which consists of a deeper layer with the staining
qualities of keratin and a surface stratum with
the staining qualities of the Malpighian layer.
SUMMARY
Special stains and histochemical methods were
applied to the oral mucosa of 2 months old male
Strong A albino mice.
Although the entire cpithelium of the oral cav-
ity is keratinized, the keratinization in immobile
regions subjected to masticatory stress, like the
palate, differs from that of mobile areas like the
cheek. In the palate, a tightly packed layer of
keratin is formed, which has the staining proper-
ties of hair keratin. In the check, a loose, flaky
type of keratin is formed, which wears off more
rapidly. Here, an inner band of the keratin zone
has the staining properties of hair keratin,
whereas a surface layer shows reversal to cellular
staining.
Keratinization in the palate is preceded by
marked fibrillar precursors and late formation of
small-sized keratohyalinc granules, which replace
the entire cytoplasm of the granular cells and
stain in the same shade as the cytoplasm of the
spinous cells. In the check the fibrillar precursors
are less distinct. The formation of keratohyaline
granules begins earlier. The more superficial gran-
ules are in part of huge size but do not include the
entire cytoplasm. They stain like the inner layer
of keratin. The disintegration of nuclei is com-
plete in both regions.
It is suggested that in the mobile regions a less
advanced stage of keratinization is reached, which
leaves the keratin of the surface susceptible to
changes by saliva. The relatively smaller surface
area of the keratohyaline granules, their shorter
life span and the smaller contribution of the fi-
brillar precursors to the final keratin are thought
to account for the lower stability of the keratin
in such regions.
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